Five sites were cored on Shatsky Rise, an oceanic plateau, during
Introduction
Shatsky Rise is an oceanic plateau that is a large igneous province (LIP) on the Pacific plate thought to be the product of a mantlemelting anomaly interacting with a triple junction. It was formed in Late Jurassic to Early Cretaceous time Nakanishi et al., 1999) . Three volcanic massifs, Tamu, Ori, and Shirshov, and the Papanin Ridge are the major structures of Shatskyto Expedition 324, significant basaltic material had been cored only once, at Ocean Drilling Program Site 1213 on the south flank of Tamu Massif. At this site, basalt from three massive flows was recovered over a 47 m section ( Fig. F2) (Koppers et al., 2010) . At Site U1347, also on Tamu Massif, a basement section 159.9 m in length produced both pillow and massive flows, but at Site U1348, on the north flank of Tamu Massif, only volcaniclastics were recovered from 120 m of core. Two holes at Ori Massif both yielded basalt flows: thin massive flows from 85.3 m of core at Site U1349 and 172.7 m of pillow and thin massive flows from Site U1350 (Fig. F2) . Site U1346, on Shirshov Massif, yielded a 52.6 m section of pillow lavas with two small massive flows.
One of the goals of Expedition 324 was to understand the volcanism that built Shatsky Rise. Paleomagnetic measurements can aid in this understanding because the measured paleomagnetic inclinations give clues about the timing and paleolatitude of eruptions. In this study, the remanent magnetization of igneous rock samples was measured to determine changes in inclination with depth at each site. Changes in remanent inclination versus depth from an igneous section constrain the eruptive time span by the amount of observed geomagnetic field secular variation. The main focus of this report is measurements from basalt lava flows from Sites U1346, U1347, and U1350. A small number of samples from Site U1348 were measured to see if the hyaloclastite samples from that hole would produce reliable results (they did not). We did not measure samples from Site U1349 because another member of the shipboard party is working on that site. Paleomagnetic analysis for 120 basalt samples was done onboard the R/V JOIDES Resolution during Expedition 324. In our data tables, we combine those results with ours for completeness.
Methods
A total of 135 samples were measured in the Pacific Northwest Paleomagnetism Laboratory, which contains a Lodestar Magnetics Shielded Room, at Western Washington University (WWU) (USA). All samples were 2 cm × 2 cm × 2 cm cubes cut from the working half of Expedition 324 basalt cores. Magnetic susceptibility was measured on all samples prior to demagnetization, using an AGICO KLY3-S magnetic susceptibility bridge. Subsequently, the natural remanent magnetization (NRM) was measured in an AGICO JR6 dual-speed spinner magnetometer. Because the demagnetization results from some samples of massive flows were erratic in shipboard measurements, samples from massive units were dunked in liquid nitrogen for 20 min 1-4 times to remove overprint magnetizations resulting from multidomain magnetite and hematite. All samples were demagnetized using either alternating field (AF) demagnetization with a DTech D2000 AF demagnetizer or thermal demagnetization in an ASC Model TD48 or ASC Model TD48-SC thermal demagnetizing oven. A vibrating sample magnetometer (VSM; Princeton Measurements Corporation MicroMag Model 3900) was used to produce hysteresis loops on four samples from each site that were judged representative of the site's flow units.
Pilot batches of samples using AF and thermal demagnetization from all sites showed little difference in the efficacy of removing overprint magnetizations, so approximately half of the samples from each site were demagnetized thermally (62 samples) and the other half using AF demagnetization (73 samples). Initially, thermal pilot samples were separated into two batches of 12 samples, one set being demagnetized in an argon atmosphere and the other in a natural atmosphere to compare the effects of oxidation. Because there was no difference in the results from the two treatments, the remaining samples were demagnetized in a natural atmosphere. AF demagnetization started at 5 mT, with steps of 5 mT up to 60-120 mT. Thermal demagnetization started at 80°C, with steps of 40°C up to 500°C and steps of 20°-25°C above 500°C. Complications arose with the JR6 magnetometer in that some of the thermally demagnetized samples had magnetizations too low to measure with this magnetometer above a certain step. If it was not possible to demagnetize a sample past 70% of the original magnetic intensity, the result was not considered a valid measurement of the characteristic remanence.
After samples were demagnetized, the data were analyzed using Remasoft 3.0 software. Equal angle spherical projections, demagnetization intensity plots, and Zijderveld plots (see Tauxe, 1998) were made for each sample. Principal component analysis (PCA) directions (Kirschvink, 1980) were calculated from demagnetization data, typically using higher level demagnetization steps that trend toward the Zijderveld plot origin. This result is considered the characteristic or primary magnetization for the sample. PCA solutions were calculated both anchored to the origin and not anchored (Tables T1, T2, T3) . VSM hysteresis loops were analyzed with the Micromag AGM-VSM program. A Day plot (Day et al., 1977) was produced using the hysteresis values saturation remanent magnetization (M rs )/saturation magnetization (M s ) vs. remanent coercivity (H cr )/coercivity (H c ).
Measurements done during Expedition 324 included AF and thermal demagnetization and bulk magnetic susceptibility measurements recorded during the thermal demagnetization process. Although paleomagnetic work was done on board the ship for all sites, in this report we concentrate only on the data from Sites U1346-U1348 and U1350.
Results

Site U1346
A total of 31 samples were measured from Site U1346 cores, but only 29 samples produced good results ( Table T1 ). All samples are aphyric basalts from pillow flows. Both AF and thermal demagnetization techniques were used to isolate the primary magnetization. WWU measurements were divided into seven samples measured with AF demagnetization and eight examined with thermal demagnetization. Most samples have a drilling overprint that is removed at ~5-10 mT during AF demagnetization and at 200°-300°C during thermal demagnetization. The AF demagnetized rocks show two responses, one type with low median destructive field (MDF; <10 mT) and the other with a higher MDF (>10 mT) (Figs. F3, F4 ). After the drilling overprint is removed, the samples usually display univectorial decay to the origin, with a few samples showing erratic behavior at high demagnetizing steps. The samples that show a MDF of <10 mT are >90% demagnetized by 20-30 mT (Fig. F4) , whereas the samples with a MDF of >10 mT are >90% demagnetized by 40-50 mT (Fig.  F3) . Some thermally demagnetized samples show a small range of temperatures with partial self-reversal at ~300°C (e.g., Tarduno, 2004, 2005) and/or a large overprint that is removed at 200°C (Fig. F5) . After removal of the overprint or at temperatures above the self-reversal portion of demagnetization, most of the samples display univectorial decay to the origin. All thermally demagnetized samples were >90% demagnetized at 450°-500°C. Of the 15 samples measured at WWU, 13 samples produced good results and were judged as samples giving a consistent principal direction that points toward the origin with a maximum angular deviation (MAD) of <10°. The other 16 samples measured during Expedition 324 showed similar behaviors in both AF and thermal demagnetizations (see the "Expedition 324 summary" chapter [Expedition 324 Scientists, 2010] ). Four samples were dunked in liquid nitrogen as a test to determine its effect on sample overprints. Very little change was apparent in the magnetic intensity of the rocks, at most 0.5 A/m (Table T4 ). There were no noticeable effects of the low-temperature treatment on sample behavior during demagnetization. Sample inclinations calculated using anchored and unanchored PCA solutions showed negligibly different values. The inclinations vary little throughout the length of the cored section, except for one outlier sample with an inclination of 27° (Fig. F6) . Ignoring the single outlier, the average inclination is -21°, with a standard deviation of 5.7°. The lack of downhole variation and the low standard deviation imply that the entire section is recording essentially the same magnetic direction, so very little paleosecular variation was recorded, and the section was likely erupted in a short period of time.
Site U1347
From Site U1347 cores, 126 samples were measured, 61 during Expedition 324 and 65 at WWU. Only 119 samples produced good results ( Table T2 ). The samples are aphyric and plagioclase phyric basalts from massive flows and pillow flow units. To isolate primary magnetization, both AF and thermal demagnetization techniques were applied to different subsets of samples. At WWU, 32 of the 65 samples were demagnetized using AF demagnetization and 33 were demagnetized using thermal demagnetization. The demagnetized samples have varying amounts of drilling overprint. In the AF demagnetized samples, the drilling overprint is typically directed vertically downward (a sign of drill pipe remagnetization; e.g., Fuller et al., 2006) and is removed after 10-15 mT. For thermally demagnetized samples, the overprint is usually removed progressively up to 310°-360°C. For both demagnetization types, the overprint was apparently never removed entirely from a small number of samples. Two responses observed with AF demagnetization are samples with low MDF and samples with higher MDF (Figs. F7, F8) . The low-MDF samples are >90% demagnetized at 30 mT and the higher MDF samples are >90% demagnetized at 40-60 mT. Once the overprint is removed, most samples display univectoral decay toward the Zijderveld plot origin. In the lower cores (324-U1347A-25R through 29R), which sampled thick massive flows, sample directions become erratic at AF steps above 50 mT.
The thermally demagnetized samples displayed two different demagnetization behaviors. For one group, the intensity versus temperature curve shows a sharp decline around 300°C. In the other group, a nearly linear decrease in magnetic intensity is seen throughout the measurements (Figs. F9, F10) . Some samples showed erratic directions in steps above 520°C, especially samples from Cores 324-U1347A-25R through 29R. For a few samples, small partial self-reversal sections occurred in demagnetization steps around 300°C (e.g., Tarduno 2004, 2005) (Fig. F11) . Typically, the sample increased in intensity for only 1-3 demagnetization steps, and the intensity increase was only 10%-15% of the NRM.
Of the samples measured at WWU, 59 of the 65 produced good PCA solutions. Once again, there was little difference between solutions calculated with and without being anchored to the origin. The good results have a MAD of <10° and display a consistent direction after overprint removal. Shipboard AF demagnetization results were similar, but the thermally demagnetized samples displayed much more erratic behavior. Of the shipboard measurements, characteristic remanence directions for 48 of the 60 with MAD <10° were judged to have produced reliable results ( Table T2 ).
Low-temperature treatment was applied to 39 samples at WWU ( Table T5 ). The massive flow units had the greatest change in magnetic intensity. Samples that showed a large drop of intensity were dunked more than once to assure full removal of multidomain magnetite and hematite overprints. Because this treatment was used to reduce the effect of overprint acquired by multidomain magnetic grains, this result implies that multidomain grains contribute significantly to the magnetization of these units. The thin inflation units displayed little change in intensity with low-temperature dunking, implying that they have few multidomain grains contributing to their magnetization.
Site U1347 characteristic remanence inclinations are mostly low and positive (Fig. F12) . Samples from the uppermost ~15 m of the basement (~160-175 mbsf) and lowermost ~40 m, below ~270 mbsf, show higher scatter than elsewhere, mostly because of greater scatter in thermal demagnetization results. Samples appear to show at least three groups of inclinations. Between ~175 and 210 mbsf, the average inclination is 20°-30°, and the same is true for the section between ~240 and 270 mbsf. In between, the average inclination appears shallower, ~10°-15°. Sample inclination scatter is high in the uppermost 15 m and lowermost ~40 m, so we cannot tell whether those samples give a significantly different inclination than the middle section without further analysis.
Site U1348
Only five volcaniclastic samples from Site U1348 were measured as a test. Only three samples were strong enough to measure NRM. Of the three samples, two were measured using thermal demagnetization and one was measured using AF demagnetization. Demagnetization did not produce consistent magnetization directions, so the Site U1348 section was considered unsuitable for further study.
Site U1350
A total of 109 samples were measured from Site U1350 cores, 42 samples measured during Expedition 324 and 67 measured at WWU. Good results were produced from 102 samples ( Table T3) . At WWU, 33 samples were demagnetized using AF demagnetization and 34 using thermal demagnetization. The AF demagnetized samples showed two responses similar to the previous sites, low MDF (Fig.  F13 ) and higher MDF (Fig. F14) . Both types of samples display univectorial decay after the overprint is removed. The amount of overprint correlates with the MDF. A low-MDF sample typically displays a large overprint, whereas a higher MDF sample displays smaller overprint. The thermally demagnetized samples displayed two behaviors, one with a small partial self-reversal at 300°C (e.g., Tarduno, 2004, 2005) and one without (Figs. F15,  F16 ). Some thermally demagnetized samples showed erratic behavior above 500°C. Varying degrees of overprint were evident, but for most samples the overprint did not have a significant effect on the measured direction. After the overprint was removed, samples with both thermal demagnetization behaviors showed univectorial decay to the origin. Of the 67 samples, 63 yielded a consistent primary magnetization with a MAD <10°. As with samples from other sites, no significant difference existed between PCA solutions using the origin as an anchor and those without an anchor. The 42 samples that were measured during Expedition 324 gave similar AF results, but the thermally demagnetized samples measured on the ship show a much more erratic behavior than those measured at WWU. Results from samples with consistent directional behavior were similar to those measured at WWU. A total of 39 of the 42 samples had a MAD <10° and are considered to have produced reliable results (Table T3) . In all, 32 samples were treated by dunking in liquid nitrogen to remove the effects of multidomain grains, but the effects were negligible (Table T6) .
A plot of inclination versus depth shows that inclinations are all close to zero with slightly negative inclinations being the norm (Fig. F17) . AF and thermal demagnetized sample inclinations give similar values, but results from thermal demagnetization are more erratic between ~195 and 235 mbsf. Inclinations at the top and bottom of the hole appear indistinguishable, but the section between ~195 and 235 mbsf may have a more positive average inclination. Because this is also the section with higher scatter, this inference cannot be confirmed without further analysis; it may be that all samples from Site U1350 record the same inclination.
Hysteresis
Hysteresis loops of four samples each from Sites U1346, U1347, and U1350 were made with the VSM (Figs. F18, F19, F20 ). All hysteresis loops show rapid saturation of the magnetization with increasing field strength and only a small amount of hysteresis. This type of response is typical of titanomagnetite grains. On a Day plot (Day et al., 1977 ) M rs /M s versus H cr /H c values for most samples plot in the field that defines pseudosingle-domain behavior (Table T7 ; Fig. F21 ). This observation implies that the grains in the samples are either pseudosingle-domain-sized grains or a mixture of multidomain and single-domain grains. Samples from Sites U1346 and U1347 display a distribution that is nearly linear from upper left (lower H cr /H c and higher M rs /M s ) to lower right (higher H cr / H c and lower M rs /M s ), similar to mixtures of singleand multidomain grains, suggesting that these samples have a simple distribution of similar magnetic grains of different sizes (Dunlop, 2002a (Dunlop, , 2002b . The distribution of the Site U1350 samples is not linear, suggesting a more complex set of magnetic grains. In addition, samples from Site U1347 plot farthest toward the upper left, whereas samples from Site U1346 plot toward the bottom right. This observation implies that single-and pseudosingle-domain behavior is strongest for Sites U1347 and U1350, whereas the samples from Site U1346 display more influence from multidomain grains. 
Data report: paleomagnetic measurements of igneous rocks
Proc. IODP | Volume 324 24 Figure F19 . Hysteresis loops for Site U1347 samples. 
Proc. IODP | Volume 324 25 Figure F20 . Hysteresis loops for Site U1350 samples. Table T6 . Change in magnetic intensity for samples exposed to low temperature, Hole U1350A. NRM = natural remanent magnetization. Table T7 . Sample hysteresis parameters, Holes U1346A, U1347A, and U1350A.
M rs = saturation remanent magnetization, M s = saturation magnetization, H cr = remanent coercivity, H c = coercivity. 
